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© Disclosed is a coordinate input apparatus includ- 
ing a vibrating input pen 3, a piezoelectric element 4 
in the pen 3, a vibration transfer plate 8 and vibration 
sensors 6 provided around the vibration transfer 
plate 8. The vibrator 4 is driven by a vibrator driving 



circuit 2 to generate a vibration, which is transmitted 
to vibration transfer plate 8. The apparatus is ca- 
pable of calculating coordinate thereon accurately 
with phase information of detected signal waveform. 
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BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to a coordinate 
input apparatus and others for detecting indicated 
coordinates on the basis of the vibration transmis- 
sion time obtainable from the vibrating source on a 
vibration transfer diaphragm, for example. 

Related Background Art 

As apparatuses for inputting the conventional 
handwritten characters, graphic and the like into a 
computer and other processing apparatuses, there 
have been known coordinate input apparatuses us- 
ing various kinds of input pens, tables, and others. 
In such apparatus, the image information consisting 
of inputted characters, graphics, and the like is 
output for being displayed on a display device 
such as a CRT display or a recording device such 
as a printer. Of these coordinate input apparatuses, 
various systems such as given below are known as 
the coordinate detection methods for the tablet 
type coordinate input apparatus. 

(1) A system comprising a resistive film and a 
sheet material correspondingly arranged therefor 
to detect coordinate value by change in the 
resistance value at compressed point. 

(2) A system for detecting coordinate position in 
accordance with the electromagnetic or electro- 
static induction of conductive sheet arranged 
facing each other. 

(3) A system for detecting coordinate position of 
an input pen on the basis of ultrasonic vibration 
transmitted from the input pen to a tablet. 

There are, however, the drawbacks given be- 
low in the conventional coordinate input ap- 
paratuses adopting these systems. 

For the above-mentioned type using the resis- 
tive film (Case: (1)). The uniformity of the resistor 
itself affects the input accuracy of the graphics 
directly, thus necessitating resistors of an excellent 
uniformity. Therefore, the larger the apparatus be- 
comes, the more difficult it is to produce the ap- 
paratus, and eventually, this system is not suited 
for any apparatus which requires high precisions. 
Also, two resistive sheets are needed for the x- 
coordinate and y-coordinate, which results in the 
lowered transparency of the coordinate input plane. 
As a result, when the apparatus is overlaid with a 
manuscript or the like for use, there is a drawback 
that it is not easy to see the manuscript. 

Next, for the type which utilizes the electro- 
magnetic induction (Case: (2)), wirings are ar- 
ranged in matrix. The coordinate detection accu- 
racy is directly affected by the positions of the 
wirings arranged in matrix, namely, the manufactur- 



ing precision. Thus, for a highly precise input ap- 
paratus, the manufacturing cost becomes extreme- 
ly high. 

As compared with these systems, the type 
5 using ultrasonic wave is such that the positioned 
coordinates are worked out by detecting the delay 
time of the wave being propagated on the tablet 
which serves as the input plane, and no fabrication 
of matrix wirings and others are needed at all on 

w the tablet. It is therefore possible to provide an 
apparatus at a low manufacturing cost. Moreover, if 
a transparent glass plate is employed for the tablet, 
it is possible to construct a coordinate input ap- 
paratus having a higher transparency than the input 

75 plates using the other systems. 

However, in the conventional ultrasonic coordi- 
nate input apparatus, the waveform of the detected 
signal of an output wave from its sensor are not 
only caused to vary its amplitude level by the 

20 attenuation of the wave due to the distances be- 
tween the vibrating input pen and the sensor, but 
also are largely dependent on the degrees of the 
tool forces of the input pen exerted by an operator. 
Consequently, when the delay time is detected with 

25 the detected signal waveform exceeding a given 
level as a specific point (whose level over a given 
level is required in order to distinguish it from 
noise), the leading portion of the waveform of the 
detecting signal is not detected, and the second 

30 cycle and third cycle (refer to Figs. 7 A to 7C) are 
output depending on the levels of the detected 
signal waveforms, thus creating a drawback that 
the coordinates are erroneously detected. In order 
to solve this problem, it is electrically possible to 

35 adopt a method of making the levels of the de- 
tected signal waveforms constant, but this creates 
another problem that the cost will be significantly 
increased due to an increased number of circuit 
parts. Besides, the reference signal data are need- 

40 ed for the determination of amplification factor. As 
a result, not all the inputted data can be used for 
the coordinate calculation. In other words, a prob- 
lem is encountered in lowering the sampling rate 
for working out the coordinates. 

45 In order to detect the delay time while taking 

these problems into account, it is necessary to 
adopt a method that can be practiced without de- 
pending on the amplitude levels of the detected 
signal waveforms. For solving these problems, it is 

so conceivable to adopt a method for measuring the 
delay time in such a manner that the envelope of 
the detected signal waveforms is electrically de- 
rived and processed by differentiation or the like to 
make the envelope peak or the inflexion point of 

55 the envelope as the specific point for detection. But 
there arises a problem for this method that ana- 
logue circuits must be additionally provided for 
producing the envelope as well as for obtaining the 
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peak value thereof, leading to another cost up. 
Also, a disadvantage such as an increased power 
consumption will result. As a more significant prob- 
lem, since the point on the temporal axis lagged 
behind the leading portion (of the detected signal s 
waveform) of the wave being propagated on the 
vibration transmission plate is made as the detec- 
tion point, the wave which has advanced before the 
detection point is reflected at the end of the vibra- 
tion transfer diaphragm and is allowed to be super- w 
posed with the detected signal waveforms by the 
direct wave, and accordingly, there is a possibility 
that the detected signal waveform for measuring 
the delay time is distorted. This causes the accu- 
racy of the coordinate detection of the coordinate 75 
input apparatus to be significantly lowered. In order 
to solve this problem, either the reflection at the 
end should be eliminated, or the distance to the 
end should be made longer so that the time for the 
reflected wave to return is delayed to avoid its 20 
superposition with the detection point in the de- 
tected signal waveform. It is possible to reduce the 
level of the reflected wave in the former method of 
the solution by the use of a vibration-proof material 
and the like, but it is technically difficult to elimi- 25 
nate the reflected wave completely. Also, for the 
latter method of the solution, a certain length of 
distance is needed to the end, which necessitates 
making the size of the vibration transfer diaphragm 
greater for the effective area required to input the 30 
coordinates, thus resulting in a drawback that the 
apparatus becomes large as a whole. 

Also, in a coordinate input apparatus utilizing 
the ultrasonic waves, it is well known that if the 
wavelength of elastic wave propagating on a vibra- 35 
tion transfer diaphragm becomes greater than the 
diaphragm thickness, plate (Lamb) wave is often 
propagated with difference in its group velocity and 
phase velocity. Fig. 8 is a schematic view showing 
a relationship between the distances and the delay 40 
times in wave arrival when this wave is used with 
the detection points of the phase delay time being 
set above a predetermined level and also with the 
peak of the envelope given as each of the detec- 
tion points of the group delay time. Although the 45 
group delay time is continuous, it has a relationship 
showing greater fluctuations of the widths, and the 
phase delay time has a stepwise relationship. Such 
relationships are caused by the nature of the plate 
wave which has different phase velocity and group so 
velocity. In this case, it is impossible to perform a 
measurement with any desirable accuracy by dis- 
tance calculation using only the group delay time. 
When a distance is calculated with the phase delay 
time, the relationship between the phase delay time 55 
and the distance still remains in the stepwise form 
as shown in Fig. 8 even if the levels of the detect- 
ing signal waveforms are made constant electrically 



to remove the sonic wave attenuation and the ef- 
fect of the tool force dependence. In other words, 
there is a drawback that if, for example, a value to 
is output in Fig. 8, it is impossible to determine 
whether the distance is U or I2. 

In order to solve this problem, there has been 
proposed a method of calculating coordinates by 
detecting both the group delay time and phase 
delay time of a diaphragm wave as disclosed in the 
Japanese Patent Publication No. 61-149742 and 
Japanese Patent Publication No. 61-245475, which 
are both prior applications hereof. In this method, 
given a distance between a sensor and a vibration 
input source as L, distance to each sensor is 
calculated as follows: 

L = Vp - Tp + n • Xp (1) 

n = int[(Vg • Tg - Vp • Tp)/Xp] (2) 

where 

Vp : phase velocity of plate wave 

Tp : phase delay time 

Vg : group velocity of plate wave 

Tg : group delay time 

Xp : wavelength of plate wave 
On the basis of this information, the coordinates 
are worked out geometrically. This method is an 
excellent method because with it not only the 
aforesaid problem can be solved, but also the 
coordinates can be calculated without depending 
on the levels of the detecting signal waveforms. 
However, this method still has a drawback that its 
circuits become complicated since both the group 
delay time and phase delay time should be de- 
tected, accordingly, its power consumption is in- 
creased. Also, as it is necessary to detect the 
group delay time, the apparatus should unavoidab- 
ly become greater as a whole in relation to its 
effective area. 

SUMMARY OF THE INVENTION 

The present invention has been made in con- 
sideration of the above-mentioned prior example. It 
is an object of the invention to provide an coordi- 
nate input apparatus capable of calculating coordi- 
nate accurately only with the phase information of 
the detecting signal waveforms without affect of the 
level fluctuations of the detecting signal waveforms, 
further the apparatus being structured compactly 
by saving circuits, leading to a low power con- 
sumption as well as a low cost of its fabrication. 

It is another object of the present invention to 
provide an ultrasonic coordinate input apparatus 
capable of calculating coordinates with a high pre- 
cision without affect of the attenuation of elastic 
wave dependent on the distance between a vibra- 
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tion input source and each vibration sensor, the 
tool force of a vibration pen, and the like. 

It is still another object of the present invention 
to provide an ultrasonic coordinate input apparatus 
capable of significantly reducing the size of its 
vibration transfer diaphragm in relation to the effec- 
tive area where the coordinate input is possible 
without any noticeable effect of reflection waves 
from end portion of the vibration transfer dia- 
phragm. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a block circuitry diagram showing the 
entire structure of a coordinate input apparatus 
according to the present invention. 

Fig. 2 is a block circuitry diagram showing the 
coordinate detection system of a coordinate input 
apparatus according to the present invention. 

Fig. 3 is a time chart for signal processes 
according to the present invention. 

Fig. 4 is a view showing the coordinate system 
of a coordinate input apparatus according to the 
present invention. 

Fig. 5 is a flowchart showing the coordinate 
calculation -processes according to the present in- 
vention. 

Fig. 6 is a graph showing relations between 
distances, and detection delay times. 

Figs. 7A to 7C are views for explaining the 
dependence, of detection delay times on the levels 
of signal waveforms. 

Fig. 8 is graph showing relationship between 
the phase delay time and group delay time of a 
plate wave, and distances. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Hereinafter, in accordance with embodiments 
shown in the accompanying drawings, the present 
invention will be described in detail. 

Fig. 1 is a structural view showing a coordinate 
input apparatus embodying the present invention, 
in which a reference numeral 8 designates a vibra- 
tion transfer plate and 6, a vibration sensor com- 
prising the piezoelectric element for detecting elas- 
tic waves. In the present embodiment, four vibra- 
tion sensors 6 are provided each on every side of 
the circumference of the vibration transfer plate 8. 
A reference numeral 7 designates a vibration-proof 
member for removing reverberation of the elastic 
waves on the vibration transfer plate 8. A reference 
numeral 3 designates a vibrating input pen, and a 
piezoelectric element 4 in the vibrating input pen 3 
is driven by a vibrator driving circuit 2. The vibrator 
driving circuit 2 generates pulse trains of specific 
frequency for a certain periodic cycle to drive a 



vibrator 4 in the vibrating input pen 3. The vibra- 
tional energy thus generated enters the vibration 
transfer plate 8 through a horn portion 5. The 
waves propagating on the vibration transfer plate 8 
s are detected by the vibration sensor 6 and are 
amplified by preamplifier circuits 9 to 12 and then 
inputted into waveform detection circuits 13 to 16. 
The waveform detection circuits 13 to 16 detect an 
arrival timing of given waveform components by 

10 waveform processing of each detection signal, thus 
enabling latch circuits 17 to 20 to latch the timing 
information from a time counter 21 in accordance 
with this detection output. The timing information 
thus latched by the latch circuits 17 to 20, namely 

15 the arrival delay time information of the elastic 
wave from its input point to each vibratory sensor 
6, is inputted into a controller 1 comprising a 
microcomputer and others. The controller 1 cal- 
culates the coordinates at the input point from said 

20 latched timing information in such a manner as 
described later and inputs the information into 
some other information processing apparatus for 
example, a personal computer. 

Now, in conjunction with Fig. 2, the description 

25 will be made of details of controls performed for 
each circuit by the controller 1. In Fig. 2, a refer- 
ence numeral 31 designates a microcomputer for 
constituting the controller 1 and having ROM, RAM 
and internal counter. The microcomputer 31 resets 

30 the latch circuits 17 to 20 and time counter 21 by a* 
clear signal at first. 

A pen down detection circuit 22 detects a 
vibration waveform generated when the vibrating- 
input pen 3 contacts with the vibration transfer.- 

35 plate 8, whereby the vibrating input pen 3 is put 
down on the vibration transfer plate 8. The pen 
down detection circuit 22 is reset by a clear signal 
for detecting a new pen down signal. The latch 
circuits 17 to 20 clear the contents latched. Also, 

40 the time counter 21 clears its counted value to be 
in the standby state for a starting signal to be 
inputted. 

Then, the microcomputer 31 transmits the 
starting signal to the vibrator driving circuit 2 and 

45 the time counter 21 as well. With this starting 
signal, the vibrator driving circuit 2 generates pulse 
trains of a given frequency to drive the piezoelec- 
tric element 4. Also, the time counter 21 starts 
counting with clock of a frequency suited for re- 

50 quired resolution. The distance from the vibrating 
input pen 3 to each vibration sensor 6 which should 
be obtained at first for calculating coordinates is 
derived on the basis of the product of the propa- 
gating velocity of an elastic wave and the arrival 

55 delay time of the elastic wave. Therefore, in order 
to enhance the resolution of the distance measure- 
ment, it is necessary either to slow down the prop- 
agating velocity of the elastic wave or to heighten 
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the frequency of the aforesaid clock. However, 
when the frequency of the clock is heightened, the 
electronic parts should follow such a heightened 
velocity, leading to a higher cost apparatus. There- 
fore, in the present embodiment, using a compara- 
tively slow plate wave having a frequency of ap- 
proximately 300 KHz (the thickness of the vibration 
transfer diaphragm being 1.2 to 1.6), a coordinate 
input apparatus of high resultant resolution is im- 
plemented at a low cost. 

Now, the elastic wave generated by the vibra- 
tions of the vibrating input pen 3 is converted into 
electrical signal by each vibration sensor 6 and 
inputted into the waveform detection circuits 13 to 
16 through the preamplifier circuits 9 to 12. The 
latch circuits 17 to 20 take in the outputs of the 
time counter 21 with the output signals from each 
waveform detection circuit being used as trigger, 
and output the values to the microcomputer 31. 
The microcomputer 31 performs processing 
(described later) from these data to calculate co- 
ordinate values and then transfer them to a host 
information processing apparatus through an 
input/output port 33 (comprising RS-232C port and 
others, for example). 

Continuously, in order to obtain the next co- 
ordinate values at the input point, which are being 
inputted in succession, said control is repeated 
starting with the clear operation of the latch circuits 
and time counter as well. In this case, if no detec- 
tion signal is output even after the propagation 
delay time (maximum value) of the elastic wave 
elapses at the point where the distance between 
the vibrating input pen 3 and the vibration sensor 6 
becomes maximum after the vibrating input pen 3 
has been driven (that is, the starting signal has 
been output), the vibrating input pen 3 is in a state 
where it is apart from the vibration transfer plate 8, 
that is, the time the pen is up. Accordingly, the 
measurement of the propagation delay time is cut 
off and the control will be repeated starting with the 
aforesaid clear operations. 

With the control and processing set forth 
above, it is possible to detect the indication point 
coordinates on real time. 

Fig. 3 is a view showing the signal waveforms 
from the vibration sensors 6 inputted into the 
waveform detection circuits 13 to 16 and the mea- 
suring processing of vibrational propagation delay 
time on the basis thereof. In Fig. 3, the waveform 
shown at 41 shows the pulses of the driving signal 
applied to the piezoelectric element 4 in the vibrat- 
ing input pen 3. In the present embodiment, it is 
driven by a pulse train of (equivalent to five cycles) 
of 300 KHz. The ultrasonic wave vibration driven by 
such driving signal and inputted into the vibration 
transfer diaphragm 8 from the vibrating input pen 3 
is detected by the vibration sensor 6 after the 



elapse of a time corresponding to the straight-line 
distance to the vibration sensor 6, and then output 
electrically. A reference numeral 42 shows the de- 
tection signal waveform output by the vibration 

5 sensor 6. A reference numeral 43 indicates a state 
where the window is opened with the location 
where the level of the detection signal waveform 
becomes higher than a given value as the refer- 
ence; and 44, the signal for measuring a delay time 

10 tp which makes the zero cross its detection point, 
at which the phase information of the detection 
signal waveform rises initially from the state where 
the window at 43 having been opened. 

According to this structure, the propagation de- 

rs lay times obtainable from the amplitude levels of 
the output detection signal waveforms become dif- 
ferent even if the distances between the vibrating 
input pen 3 and the vibration sensors 6 are the 
same. This occurs because the window for detect- 

20 ing the delay time tp is opened (Fig. 7) using a 
threshold value, and as the difference in the de- 
tected propagation delay times is equivalent to a 
value integral times a cycle t of the elastic wave, a 
delay time required is given by following equation 

25 (3): 

T = tp + n * t (3) 
where 

30 tp : propagation delay time output by the 
present detection system 
n : integer 

One of the tentative delay times T given by 
this value n can be a genuine delay time. There- 
35 fore, by obtaining the value n, the distance L be- 
tween a certain vibration sensor 6 and the vibrating 
input pen 3 can be obtained by following equation 
provided that the frequency of plate wave is f: 

40 L = Vp • tp + n * Xp (4) 

where 

Vp : phase velocity of plate wave 
\p : wavelength of plate wave ( = 
45 Vp/f = VpV) 

Therefore, it is possible to calculate the dis- 
tance L accurately if the integer n can be obtained. 
Hereinafter, the method of this calculation will be 
described. The integer n is determined by the 
50 amplitude of vibration detected by each sensor and 
the threshold value, and the distance between the 
vibrating input pen 3 and the vibration sensor 6. 
Accordingly, if differs by each sensor. 

Fig. 4 is a view showing the positions of sen- 
55 sors in the present embodiment. Two vibration 
sensors 6 oppositely positioned are made a pair, 
and two pairs of sensors X1 # X2 and Y1*Y2 are 
arranged orthogonally to calculate coordinates. 
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Now, where the vibrating input pen 3 indicates a 
point A at cooridnates (X, Y) to obtain its coordi- 
nate value, the real distance from the indicated 
point A to the Y1 vibration sensor 6 is given as 
dY1 ; to the Y2 vibration sensor 6, as dY2; to the X1 
vibration sensor 6, as dX1 ; and, to the X2 sensor 6, 
as dX2. Also, the coordinate system is arranged as 
shown in Fig. 4, the coordinate value A (X, Y) is 
obtained in the procedures given below provided 
that the distance between the Y1 vibration sensor 6 
and the Y2 vibration sensor 6 is defined as y, and 
the distance between the X1 vibration sensor 6 and 
the X2 vibration sensor 6, as x. 

Fig. 5 is a flowchart showing the flow of pro- 
cesses to calculate the coordinate value. In con- 
junction with Fig. 5, the processing procedures will 
be described. 

At first, when the microcomputer 31 obtains the 
phase delay time by the latch circuits 17 to 20 
from each of the four sensors 6 (S51 - YES), this 
value and the known phase velocity are applied to 
the equation (4) to calculate the tentative distance 
from the vibration sensor 6 and the vibrating input 
pen 3. The second term of the equation (4) cannot 
be defined at this stage. Therefore, the tentative 
. initial values n 0 i to no a (represented by no) are 
obtained (S52) for each vibration sensors 6 in ad- 
vance by a method which will be described later, 
and are substituted to the equation (4) (S53). Now, 
firstly, the distance LY1 from the point A to Y1 
sensor is obtained according to the delay time tpi 
measured by Y1 sensor and the tentative initial 
value noi. Likewise, for Y2 sensor, the distance 
LY2 is calculated according to the delay time tp 2 
and the initial value no2 of n. Then, these values 
LY1 and LY2 are applied to the equation (5) to 
calculate the Y coordinate. In the same way, the 
distances LX1 and LX2 from the point A to X1 
sensor and X2 sensor are obtained, and using the 
equation (6), the X coordinate is calculated (S54). 

Y = y/2 + (LY1 +LY2)(LY1-LY2)/2y (5) 

X = x/2 + (LX1 +LX2)(LX1-LX2)/2x (6) 

These values Y and X are values obtained from 
the two pairs of vibration sensors, a pair of Y1 and 
Y2, and a pair of X1 and X2, respectively, and are 
the values obtained independently. Therefore, 
when the distances to each of the vibration sensors 
6, RLY1 and RLY2, and RLX1 and RLX2, are 
reversely calculated by the equations (7) to (10) 
described later, using the tentative coordinate value 
(X, Y) at the point A thus obtained here, they are 
not necessarily matched with the distances LY1 
and LY2, and LX1 and LX2 calculated from the 
phase delay times and the initial values no - 
(because the second term of the equation (4) has 
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not been defined as yet). 
RLY1 = sqrt ((X-x/2) 2 + Y 2 ) (7) 
RLY2 = sqrt ((X-x/2) 2 + (Y-y) 2 ) (8) 
RLX1 = sqrt (X 2 + (Y-y/2) 2 ) (9) 
RLX2 = sqrt ((X-x) 2 + (Y-y/2) 2 ) (10) 



RLY1 : reversely calculated distance from 

point A to Y1 sensor 
RLY2 : reversely calculated distance from 

point A to Y2 sensor 
RLX1 : reversely calculated distance from 

point A to X1 sensor 
RLX2 : reversely calculated distance from 

point A to X2 sensor 
sqrt (S) : S's positive square root 
Now, the reversely calculated distances from 
the point A to each of the sensors, RLY1, RLY2, 
RLX1 and RLX2, are obtained (S55) by the equa^ 
tions (7) to (10V and then the distances LY1, LY2/ 
25 LX1 , and LX2 obtained from the phase delay times 
and initial values no (S53) and the values obtained 
in the step S55 are compared, respectively (S56). If 
each of them is found to be matched within the 
predetermined range of error (S57 - YES), the 
30 coordinate input apparatus outputs the coordinates 
(X, Y) at that time as established coordinates or 
writes such value into its inner memory (S58). Also, 
if the values are not matched (S57 - NO), integers * 
are added to or subtracted from the initial values no"" 
35 of n to set integers n again (S59) and the calcula- 
tions (equations (4) to (10)) are again performed. 

With the above-mentioned procedures, the 
aforesaid calculations are repeated while modifying 
the values of the integers n for each sensor until 
40 each of the values, RLY1 , RLY2, RLX1 , and RLX2, 
and each of the values, LY1, LY2, LX1 , and LX2, 
becomes equal. Then, the distances LY1, Y2, LX1, 
and LX2 obtianed from the phase delay times will 
become equal to the real distances dYt, dY2, dX1, 
45 and dX2. 

In this way, it is possible to determine the 
coordinates at the point A. Now, the description will 
be made of a method of selecting the tentative 
values for the integers n in order to determine the 
50 second term of the equation (4). 

Fig. 6 is a view showing the relations between 
the delay times tp and distances L when a tool 
force is within a given range (solid lines in Fig. 6). 
If the tool force is weakened so that the levels of 
55 the detecting signal waveforms are significantly 
changed, the relationship represented by broken 
lines in Fig. 6 is also shown. Therefore, in an 
normal operation, there is a more probability that 
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the relationship is such as indicated by the solid 
lines. In the present embodiment, the initial values 
no of integers n are given with the relations shown 
in Fig. 6 (the value of the initial value n 0 being 
made larger as the delay time becomes longer) on 
the basis of the detected delay times, hence im- 
plementing to shorten the calculation time. In the 
present embodiment, the initial value no is defined 
in such manner. However, it may be possible to 
adopt a method for the definition of no in which it is 
delimitated at each of the points A in Fig. 6, for 
example, as a matter of course. 

Now, in the present embodiment, the descrip- 
tion has been made of plate wave. In a coordinate 
input apparatus using a pen for indicating coordi- 
nates, its tool force fluctuations cannot be avoided 
when it is in use. Thus, the level fluctuations of the 
detection signal waveforms cannot be avoided, ei- 
ther. Therefore, it is impossible to detect the defi- 
nite point of a detection signal waveform (the lead- 
ing portion of a detection signal, for example) with- 
out fail all the time. The present embodiment is 
applicable to a coordinate input apparatus using 
not only plate wave, but also elastic wave such as 
surface wave or Love wave. Also, plate wave de- 
scribed in the present embodiment are unique in 
that its phase velocity and group velocity are dif- 
ferent and the phases in the detection signal 
waveforms are being deviated, but they can serve 
as an excellent coordinate calculating means with- 
out affect of the problem resulting from the levels 
of the detection signal waveforms or the peculiarity 
of plate wave. 

Thus, a coordinate input apparatus according 
to the present embodiment is not affected by the 
level fluctuations of the detection signal waveforms, 
that is, the attenuation of the elastic waves which 
are dependent on the distances from a vibrating 
input pen to each vibration sensor, the tool forces 
of the vibration pen at the time of coordinate input, 
or various other factors resulting in the level fluc- 
tuations, therefore, it is possible to calculate the 
coordinates accurately only in accordance with the 
phase information of the detection signal 
waveforms. 

Moreover, according to the present structure, it 
is possible to use plate wave having different group 
velocity and phase velocity as an elastic wave. 
Since plate wave has slower phase velocity than 
elastic wave such surface wave, its accuracy of 
distance detection can be enhanced if the resolu- 
tion of the counter is the same for measuring the 
delay times. It is thus possible to obtain a resultant 
effect that the accuracy of the coordinates cal- 
culated by the coordinate input apparatus is also 
enhanced. Further, with a structure according to 
the present embodiment, it is possible to reduce 
the analogue circuits significantly because the co- 



ordinates are calculated only in accordance with 
the phase information available within the detection 
signal waveforms, hence leading to a lower power 
consumption and a lower cost in manufacturing and 
5 in operation. Also, as compared with the conven- 
tional apparatus which uses the envelope peaks of 
the detection signal waveforms as detection points, 
the detection points can be shifted closer to the 
leading portion of the detection signal waveforms in 
10 the present embodiment. As a result, the influence 
of the reflection waves from the end portion of the 
vibration transfer diaphragm becomes smaller, thus 
making it possible to reduce the size of the vibra- 
tion transfer diaphragm itself significantly in relation 
75 to the effective area where the coordinate input can 
be conducted. There is an excellent advantage that 
the apparatus can be made compact. 

In this respect, the present invention is ap- 
plicable not only to a system comprising a plurality 
20 of equipment and devices, but also to an apparatus 
of single equipment and device. Further, it is need- 
less to mention that the present invention is ap- 
plicable to a case where the requirements are met 
by providing a system or an apparatus with pro- 
25 grams. 

As described above, a coordinate input appara- 
tus according to the present invention can calculate 
coordinates accurately only in accordance with the 
phase information of the detection signal 
30 waveforms without being affected by the level fluc- 
tuations of the detection signal waveform. Further, 
it is possible to save circuits, hence implementing 
a low power consumption and a low cost in manu- 
facturing and operation as well as the make the 
35 apparatus compact. 

Disclosed is a coordinate input apparatus in- 
cluding a vibrating input pen 3, a piezoelectric 
element 4 in the pen 3, a vibration transfer plate 8 
and vibration sensors 6 provided around the vibra- 
40 tion transfer plate 8. The vibrator 4 is driven by a 
vibrator driving circuit 2 to generate a vibration, 
which is transmitted to vibration transfer plate 8. 
The apparatus is capable of calculating coordinate 
thereon accurately with phase information of de- 
45 tected signal waveform. 

Claims 

1. A coordinate input apparatus comprising: 
so vibration generating means for generating 

vibration; 

a vibration transferring member for trans- 
ferring the vibration generated by said vibration 
generating means; 
55 vibration detecting means arranged in said 

vibration transferring member and for detecting 
the transferred vibration; 

measuring means for measuring an arrival 
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time until the vibration generated by said vibra- 
tion generating means are detected by said 
vibration detecting means; 

distance deriving means for deriving a dis- 
tance between said vibration generating means 
and said vibration detecting means on the ba- 
sis of the arrival time measured by said mea- 
suring means; 

position deriving means for deriving a co- 
ordinate position of said vibration generating 
means on the basis of the derived distance 
from said distance deriving means; 

distance reverse calculating means for de- 
riving the distance between said vibration gen- 
erating means and said vibration detecting 
means by operating reverse calculations on 
the basis of the derived coordinate positions 
from said position deriving means; 

comparing means for comparing the dis- 
tance derived from said distance deriving 
means with the distance derived from said 
distance reverse calculating means; 

modifying means for modifying the dis- 
tance derived from said distance deriving 
means on the basis of the comparative result 
of said.comparing means; and 

position re-deriving means for deriving the 
coordinate position of said vibration generating 
means again by said position deriving means 
on the basis of the modified distance by said 
modifying, means. 

2. A coordinate input apparatus according to 
Claim 1, wherein said vibration transferring 
member comprises a transparent flat member, 
and a displaying device is arranged beneath 
said vibration transferring member. 

3. A coordinate input apparatus according to 
Claim 1 , wherein 

said vibration detecting means comprises 
a piezoelectric element. 

4. A coordinate input apparatus according to 
Claim 1, wherein said vibration detecting 
means detects plate waves transferred by said 
vibration transferring member, and said dis- 
tance deriving means derives the distance be- 
tween said vibration generating means and 
said vibration detection means on the basis of 
phase velocity of the detected signal of the 
plate wave. 

5. A coordinate input apparatus according to 
Claim 1, wherein said distance reverse cal- 
culating means derives the distance between 
the two points by mathematically operative 
technique in accordance with the coordinate 



position derived from said position deriving 
means and the coordinate position of said vi- 
bration detecting means. 

5 6. A coordinate input apparatus for transferring 
vibration by causing a vibrating input pen to 
contact with a vibration transferring member to 
detect the vibration by vibration sensor and 
obtaining a distance between the vibrating in- 

10 put pen and the vibration sensor to derive the 

coordinate position contacted by the vibrating 
input pen, comprising: 

distance reverse calculating means for de- 
riving the distance between a contacting posi- 

75 tion of said vibrating input pen and an ar- 

ranged position of said vibration sensor in ac- 
cordance with the derived contact coordinate 
position; 

comparing means for comparing the dis- 
20 tance between said vibrating input pen and the 

vibration sensor with the derived distance from 
the reverse calculation by said distance re- 
verse calculating means; ? \ 
modifying means for modifying the dis^ 
25 tance between said vibrating input pen and 

vibration sensor on the basis of the compara- 
tive result of said comparing means; and 

position re-deriving means for deriving the 
contact coordinate position of said vibrating 
30 input pen again in accordance with the modi- 

fied distance between said vibrating input pen 
and the vibration sensor by said modifying 
means. 

35 7. A coordinate input apparatus according to 
Claim 6, wherein said vibration transferring 
member comprises a transparent flat member, 
and a displaying device is arranged beneath 
said vibration transferring member. 

40 

8. A coordinate input apparatus according to 
Claim 6, wherein said vibration sensor com- 
prises a piezoelectric element. 

45 9. A coordinate input apparatus according to 
Claim 6, wherein said vibratory sensors detect 
a signal of plate wave transferred by said vi- 
bration transferring member, further comprising 
means for deriving the distance between said 

so vibrating input pen and the vibration sensors in 

accordance with phase velocity of the detected 
plate wave signal. 

10. A coordinate input apparatus comprising: 
55 vibration generating means for generating 

vibration; 

a vibration transferring member for trans- 
ferring the vibration generated by said vibration 
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generating means; 

a plurality of vibration detecting means ar- 
ranged in said vibration transferring member 
for detecting the transferred vibration; 

measuring means for measuring arrival 5 
times until the vibration generated by said vi- 
bration generating means is detected by each 
of said plurality of vibration detecting means; 

a plurality of storing means for storing 
each arrival time to each vibration detecting w 
means measured by said measuring means; 

distance deriving means for deriving dis- 
tances between said vibration generating 
means and each of said plurality of detecting 
means on the basis of the arrival times stored 15 
in said plurality of storing means; 

position deriving means for deriving co- 
ordinate positions of said vibration generating 
means on the basis of the derived distance 
from said distance deriving means; 20 

distance reverse calculating means for de- 
riving the distances between said vibration 
generating means and each of said plurality of 
vibration detecting means by operating reverse 
calculations on the basis of the derived coordi- 25 
nate positions from said position deriving 
means; 

comparing means for comparing the dis- 
tance derived from said distance deriving 
means with the distance derived from said 30 
distance reverse calculating means; 

modifying means for modifying the dis- 
tance derived from said distance deriving 
means on the basis of the comparative result 
of said comparing means; and 35 

position re-deriving means for deriving the 
coordinate positions of said vibration generat- 
ing means again by said position deriving 
means on the basis of the modified distance 
by said modifying means. 40 



tecting means in accordance with phase ve- 
locity of said detected plate wave signals. 

14. A method for modifying coordinates for collec- 
tion, comprising: 

step 1 of storing time at which a vibration 
inputted into a vibration transferring plate ar- 
rives at a vibration sensor; 

step 2 of deriving a distance L between a 
point of the vibration input and the vibration 
sensor stored in the step 1 by substituting a 
value n to an equation given below. 



L = Vp * tp + n • Xp 



where 




Vp: 


phase velocity of vibration 


tp: 


arrival delay time of vibration 


Xp: 


wavelength of vibration 


n : 


integer 


step 3 


of deriving a coordinate at the input 



point of vibration in accordance with the dis- 
tance derived from the step 2; 

step 4 of reversely calculating the distance 
to the vibratory sensor in accordance with the 
coordinates derived from the step 3; 

step 5 of determining whether a difference 
between the distance obtained in the step 2 
and the distance obtained in the step 4 is 
within a range of a predetermined value or not; 

step 6 of outputting the point of coordi- 
nates derived from the step 3 specifically if the 
difference in distances is determined to be 
within the range of the predetermined value in 
the step 5; and 

step 7 of modifying the value n assigned 
in the step 2 to derive the distance if the 
difference in the distances is found to be out of 
the range of the predetermined value in the 
step 5. 



11. A coordinate input apparatus according to 
Claim 10, wherein said vibration transferring 
member comprises a transparent flat member, 
and a displaying device is arranged beneath 45 
said vibration transferring member. 



12. A coordinate input apparatus according to 
Claim 10, wherein said vibration detecting 
means comprises a piezoelectric element. 50 



13. A coordinate input apparatus according to 
Claim 10, wherein said plurality of vibration 
detecting means detect signals of plate wave 
transferred by said vibrating transferring mem- 55 
ber, and said distance detecting means derives 
the distances between said vibration generat- 
ing means and said plurality of vibration de- 
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